We report a case of membranous nephropathy with primary biliary cirrhosis (PBC). A 76-year-old Japanese man had been treated for PBC and was referred to our department because of acute severe proteinuria (10 g/day). Renal biopsy was performed and was compatible with a diagnosis of membranous nephropathy. The patient was treated with cyclosporine A (CsA; Neoral ), which was followed by normalization of liver function and partial remission of proteinuria (0.68 g/day) within six months without any significant side effects. This case suggests that CsA monotherapy is effective for the treatment of both liver dysfunction and membranous nephropathy associated with PBC.
Introduction
Membranous nephropathy is the most common cause of idiopathic nephrotic syndrome in adults and accounts for approximately 20% to 30% of adult cases. Although membranous nephropathy is often idiopathic, this form of nephropathy is known to be caused by a variety of diseases including malignant tumors, drugs and various autoimmune disorders. Although the treatment of membranous nephropathy remains to be determined, a meta-analysis of randomized controlled trials (1) investigating the effects of corticosteroid monotherapy demonstrated no beneficial effect on renal survival or the remission of proteinuria. Furthermore, in a report on the efficacy of cyclosporine A (CsA) in patients with membranous nephropathy (2), a higher incidence of relapse than that attained after steroid and other immunosuppressant therapies was found. Here, we present a case of membranous nephropathy with primary biliary cirrhosis (PBC) in which CsA monotherapy was effective for alleviating both nephropathy and PBC.
Case Report
A 70-year-old Japanese man visited the Gastroenterology Clinic at Keio University Hospital for further evaluation of a high γ-glutamyltranspeptidase (γ-GTP) value (329 U/L; normal range, 10-90 U/L) observed during a regular checkup. He was diagnosed as having PBC based on laboratory findings and radiology and ultrasonography examinations. Thereafter, he was treated with ursodeoxycholic acid (UDCA, 300 mg/day) and bezafibrate (400 mg/day). Six years after the onset of PBC, he suddenly developed severe proteinuria (10.1 g/day, day 103) and was admitted to the Division of Nephrology at Keio University Hospital.
At the time of admission, the patient was 169.5 cm tall and weighed 57.5 kg. His blood pressure was 132/78 mmHg, and his pulse rate was 66 beats/min with a regular rhythm. A physical examination revealed normal respiratory sounds over the lungs and no cardiac murmur. Neither jaundice nor other signs suggestive of liver dysfunction, such as hepatosplenomegaly, were observed. Pretibial and pedal edema was present. He had been taking UDCA (300 mg/ day) and bezafibrate (400 mg/day) for the treatment of PBC Table 1 . Increased immunoglobulin (Ig) levels and cryoglobulin-IgM (C-IgM) positivity were compatible with a diagnosis of PBC, and the reduced serum albumin level and large amount of proteinuria confirmed the diagnosis of nephrotic syndrome. Computed tomography of the abdomen and a gastric endoscopy examination showed no evidence of malignancy or any other abnormality.
A renal biopsy was performed (on day 103) three months after the onset of proteinuria. The biopsy specimen contained nine glomeruli. One glomerulus in the subcapsular region was obsolete. Another showed global capillary loop collapse. The remaining glomeruli occasionally exhibited a minimal mesangial increase and rare adhesion to Bowman's capsule. The capillary walls, however, were thin and delicate without suggestion of subepithelial deposits (Fig. 1A) . The interlobular arteries contained intimal hyalinosis, and the tubulointerstitium showed minor foci of tubular atrophy and fibrosis. Using immunofluorescence, intense staining (3+) representing diffuse, fine granular deposits of IgG (Fig. 1B) and IgM was observed along the capillary walls. A similar but less intense deposition of IgA, C3 and fibrinogen was also seen. Electron microscopy revealed diffuse subepithelial electron-dense deposits without organized structures arranged somewhat sparsely throughout most of the regions (Fig. 1C) . Subendothelial deposits were observed in an isolated focus (Fig. 1D) . A widened subendothelial space containing what appeared to be deposits with a lower electron density were also seen at another site (Fig. 1D) . However, mesangial cell interposition was not obvious. The visceral epithelial cells exhibited a widespread effacement of their foot processes. Based on these laboratory data and histological findings, the patient was diagnosed as having membranous nephropathy associated with PBC. Subendothelial deposits in association with a widened lamina rara interna were also observed in an isolated focus by electron microscopy.
We selected CsA (Neoral ) monotherapy as an immunosuppressive agent because of the presence of acute severe proteinuria as well as the patient's age, the possibility of osteomalacia due to the vitamin D malabsorption, and the risk of steroid-induced osteoporosis and femur head necrosis. The administration of CsA (75-125 mg/day, started on day 154), together with UDCA (300 mg/day), candesartan cilexetil (4 mg/day, started on day 105) and bezafibrate (400 mg/ day, day 0-491), decreased proteinuria to 2.0 g/day within one month and to 0.68 g/day within 6 months ( Fig. 2) . CsA was administered once daily (3, 4) , and the dose was adjusted by monitoring the C2 levels (i.e., blood concentration at 2 hours after CsA administration), with a target CsA C2 level set at 600-800 ng/mL; the actual C2 level was 775 ± 278 ng/mL (mean ± SD, n=17). The serum creatinine levels remained unchanged during the treatment period (1.0 mg/ dL). The patient's liver function also improved markedly, though the anti-mitochondria antibody value remained elevated. Because of the biochemical improvement in liver function attained with CsA, bezafibrate was discontinued on day 492. The serum alkaline phosphatase level subsequently increased.
Discussion
PBC is a chronic progressive liver disease of unknown etiology characterized by immunological destruction of the small intralobular bile ducts (i.e., chronic non-suppurative destructive cholangitis) that eventually leads to cirrhosis and liver failure. This disorder is rarely associated with the development of nephrotic syndrome, particularly of membranous nephropathy (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) . In this case report, we have shown that the CsA monotherapy effectively alleviated the nephrotic range proteinuria as well as liver dysfunction in a patient with PBC and membranous nephropathy. We propose that CsA monotherapy could be an alternative for conventional treatment with steroids and other immunosuppressants. Of interest, the serum alkaline phosphatase levels increased after the discontinuation of bezafibrate in the present case (Fig. 2) , a finding that is consistent with a report by Itakura et al (16) demonstrating that bezafibrate significantly lowered the serum alkaline phosphatase level in patients with PBC treated with UDCA. The salutary action of bezafibrate, however, appears to be dissociated from the improvement in the nephropathy, since the withdrawal of bezafibrate had no effect on the proteinuria.
PBC is reportedly associated with the development of In the present case, the diagnosis of PBC was made based on the laboratory findings, including cholestatic liver dysfunction, an elevated serum IgM level and a positive test for antimitochondrial antibodies. Although renal biopsy failed to reveal an abnormality of the glomerular capillary walls by light microscopy, immunofluorescence showed deposition of IgG, IgM, IgA, C3 and fibrinogen along the capillary walls and wide-spread subepithelial electron-dense deposits were seen by electron microscopy leading to the diagnosis of membranous nephropathy. An isolated focus of subendothelial deposits with widened lamina lara interna was observed by electron microscopy. The presence of such lesions is unusual in idiopathic membranous nephropathy, suggesting a secondary etiology. The IgG subclass of the deposition was not determined in the present case, but such a study would have been useful, since IgG4 deposition is known to be predominant in cases of idiopathic membranous nephropathy but not necessarily in secondary cases (17) . Finally, cryoglobulin was detected in the serum of the present patient, enabling speculation that the cryoglobulin might have caused the glomerulopathy. Our case, however, lacks morphological features representative of cryoglobulinemic glomerulopathy (e.g., dominant subendothelial localization of electron dense deposits and the presence of organized structures within dense deposits). Moreover, Taal and Schalm (18) observed cryoglobulincontaining IgM in all PBC patients, but none of them had glomerulopathy. Therefore, it seems unlikely that the cryoglobulin was causally linked to the development of glomerulopathy in the present case. Generally, corticosteroids are considered as the gold stan- 
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IgG, IgM, C1q, C3c <3 g/day IgM, C3 0.7-1.9 g/L dard for the treatment of various types of autoimmune disorders. In PBC, however, steroids are not indicated as a treatment of choice (19) . Alternatively, other immunosuppressive agents, including azathioprine and methotrexate, could be considered in patients who fail other treatments (20) . Furthermore, CsA is reported to improve liver enzyme and serum albumin levels (21) . CsA, a calcineurin inhibitor, was first introduced as an anti-rejection agent for organ transplantation that suppresses the immune response by downregulating the transcription of various cytokine-related genes. The most important cytokine involved in this effect of CsA is interleukin-2 (IL-2), which serves as the major activating factor for T cells in numerous immunological processes. Thus, the inhibition of IL-2 is anticipated to suppress B cell activity and subsequently antibody production. In PBC, autoantibodies against 2-oxo-acid dehydrogenase complex (2-OADC) have been suggested to play a specific role in the pathogenesis of this disorder (22) . Furthermore, the activation of abnormal IgM-producing B cells or the inactivation of suppressor-T cells might contribute to the development of PBC. CsA thus is expected to be effective in ameliorating both cell-mediated and antibody-mediated autoimmune dysregulation in PBC (20) .
CsA is well known to exert an antiproteinuric action in various glomerulopathies. In idiopathic membranous nephropathy, CsA therapy is effective not only for inducing remission, but for maintaining the long-term preservation of renal function (23) . Regarding PBC-associated membranous nephropathy, however, no trial has been reported to date showing the beneficial effect of CsA (Table 2) , although steroids alone or steroids with immunosuppressants have been reported to induce remission of nephritic syndrome; Baba et al (10) reported that prednisolone in combination with cyclophosphamide or prednisolone as a monotherapy decrease proteinuria and successfully induced complete remission. Goto et al (11) also reported that the administration of prednisolone, along with azathioprine and dipyridamole, decreased proteinuria to less than 1 g/day. In the present report, we demonstrated for the first time that CsA monotherapy resulted in a marked decrease in proteinuria in a patient with PBC-associated membranous nephropathy. Our finding that the decrease in proteinuria closely parallels improvements in liver function, at least during the initial half of the treatment course (Fig. 2) , suggests that this antiproteinuric action of CsA is immune-mediated. It should be noted, however, that the titer of anti-mitochondria antibody remained high during CsA therapy. This observation may be relevant to the report suggesting a non-immunologic mechanism of CsA-induced reduction in proteinuria (24) .
Although the present case shows a beneficial effect of CsA, a caveat is in order in assessing the efficacy of CsA for the treatment of PBC and its associated disorders. Since CsA is also known to induce nephrotoxicity, its use requires close monitoring of the blood level. Furthermore, the longterm beneficial effects on PBC (e.g., mortality and the need for liver transplantation) have yet not been established (21) . Finally, spontaneous remission is known to occur in up to 30% of patients with nephrotic syndrome arising from idiopathic membranous nephropathy, and an isolated case of PBC-associated membranous nephropathy has even been reported (7). The rapid nature of the reduction in proteinuria along with the parallel improvement in liver function after CsA therapy, however, militates this possibility. Alternatively, our patient also received candesartan cilexetil (Fig. 2) , a renin-angiotensin blocking agent that exerts an antiproteinuric action in various types of nephrotic syndrome, including membranous nephropathy (25) . Collectively, these findings indicate that the potential role of CsA in the treatment of PBC accompanied by membranous nephropathy warrants further investigation.
In conclusion, we report a case of membranous nephropathy associated with PBC in which CsA monotherapy induced a partial remission of nephrotic syndrome and an improvement in liver function. To the extent that the therapeutic strategy for membranous nephropathy associated with PBC remains to be established, our current observation might offer a promising tool for the treatment of this type of nephrotic syndrome.
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